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1Abstract:
In an effort to further understand the mechanisms of phototoxicity of p-carboline alkaloids* 
harmine (7-mclhoxy-l«mcthyI-9H-pyridio |3,4-h| indole) (I), a P-carboline alkaloid, and 8- 
methoxypsoralen (8-MOP) (II), a furanocoumarin, were combined with nucleic acid bases and 
irradiated with ultraviolet light. The rates of degradation of the phototoxins were studied and 
compared to their rates of degradation in the absence of nucleic acid base. Experiments were also 
conducted to study solvent effects on the reactivity of harmine. Harmine was not shown to react with 
either thymine (HI) or guanine (IV) in under the conditions used. The reaction with 8-MOP was 
conducted for comparison.
Introduction:
P-Carbolines are alkaloids 
(bund in plants of the Rutaceae 
family. Little is known about their 
mechanisms of phototoxicity.
However, they may to act in a 
similar fashion to another class of 
phototoxins about which more is 
known, the furanocoumarins.
Furanocoumarins have been shown 
to react with DNA in various ways, 
usually involving a |2 + 2| 
cycloaddition to a pyrimidine ring.
The cycloaddUion products of a variety of furanocoumarins (which include psoralens and
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angclccins) have been studied. In most cases, thymine was combined with the phototoxin, as it has
2+  %
> -h i  mi: i hv
(VI !
been shown to be the most reactive 
of the pyrimidine bases toward 
(2+2) cycloaddition (I).
Khcllin (V) has a structure 
similar to that of the psoralens. As 
with most furanocoumarins, it has 
two possible sites of activity. BoL. 
the 2.3 and the 6.7 double bonds 
arc possible sites for cycloaddition.
It was shown that the 5.6 double 
bond on thymine added only to the 
2,3 furan ring double bond on 
khcllin. and is stereoselective, similar to reactions of thymine with the psoralens (fig. 2)(2),
However, in the case of 4,5‘-dimclhy!ar*gc!i'.'in (VI), which also has two active sites,
photoadducts were formed at both sites when reacted with thymine in UV (fig. 2). This case is more 
common among the furanocoumarins. In fact, this double reactivity of the molecule is important for 
a proposed mechanism of psoralen furanocoumarin activity with DNA.
A widely-accepted mechanism for phototoxicity olTurnnocoumarins involves three steps. First, 
the molecule becomes intercalated in the DNA helix, through a thermal process. Next, it absorbs a 
photon and one end cycloadds to a pyrimidine base on one strand of DNA. Evidence suggests that 
a cross link in the DNA (and thus a phototoxic reaction) cannot occur unless the furyl double bond 
is involved in this first cycloaddition. The evidence supporting this claim is that the cycloadduct of 
the pyronc double bond does not absorb light between 300 and 380 nanometers. If the furyl- 
pyrimidine cycloadduct then absorbs a second photon and the pyrone double bond is adjacent to
another pyrimidine ring, then a second eycloaddition can occur, forming a cross link in the DNA 
helix, which causes the helix to "kink" (3).
Theoretical calculations suggest that the pyrone C *C  will cycloadd before the fury! O C  
Indeed, work done with polymethylangclicins showed that they formed |2+ 2 | cycloaddition dimers 
with themselves at the pyrone activation site in the absence of a target nucleic acid base (4), 
However, cycloadducts of photoreaction products of thymidine and 4 '-hydroxymethyl-4,5',8- 
trimethylpsoralen are formed at the furyl ring. It would appear that order and regioselectivity are 
dependent on reaction conditions and the olelins involved (5).
Experiments have been conducted to investigate the reactivities of electron-poor and electron- 
rich olelins with 8-MOP. Reaction conditions varied from an oxygen-free solution for one olefin to 
frozen benzene for most of the others. A mole ratio of 1:10 (8-MOP:olefin) was used in all reactions. 
Ail cycloadducts that were isolated were adducts of the pyrone ring, suggesting that electron density 
of the olefin target is not a determining factor in regioselectivity (6).
The p-carboline alkaloids have been studied much less extensively. It has been shown, 
however, that harmine reacts with DNA when exposed to ultraviolet light (7). Others have shown 
that some p-carbolines produce singlet oxygen (*02) and superoxide ( 0 3) (8). p-Carbolines have 
been shown to dimerize with themselves when irradiated with ultraviolet light, but in this case it is 
believed to be a mechanism involving free radicals, not by a [2+2| cycloaddition, and not involving 
oxygen (9,10) These experiments were conducted to see if the p-carbolines photoreact in similar 
fashion to the furanocoumarins, thus giving a clue to the mechanism for their phototoxicity. II the 
actual mechanism of phototoxicity is the same as for furanocoumarins, then it would be expected that 
P-carbolines would react with nucleic acid bases, particularly thymine. It should be noted, however, 
that p-carbolines do not have an active site on a furyl ring. This difference necessitates a different 
mechanism for DNA reactions than the one proposed. Still, it could be that the mechanisms are
Experimental Procedures:
Hardline. 8-mcthoxypsoralen, thymine, and guanine were alt obtained from Sigma (St. Uniis, 
MO). Water used in samples and solutions was distilled from basic permanganate in the earl; portion 
of the study, and in the later portion of the research, water from a reverse-osmosis filter was distilled 
al ter being passed through four ion exchange columns (Millipore, Bedlord MA). High purity (11 PIX
(irade) methanol was obtained from Baxter (McGaw Park, IL). HPLC grade ethanol was obtained
from LJ.S. Industrial C hemicals (Tuscola. II-)- All chemicals were used without further puril I V  ( I  IV M  »«
The experiments had two parts. P it one was the photolysis of the sample containing
phototoxin. Part two was the kinetic study o! the samples by IIPl.C.
Thymine was chosen as the model pyrimidine base due to its high reactivity with 
luranocoumarins. Guanine was chosen since it was an adenine base with a relatively high 
nucleophilicitv and because it dissolves in water in sufficient concentrations to he studied.
All photolyses were run in a photorcaciion chamber consisting of a medium-pressure, 500 Watt
Pyrex-filtered mercury arc lamp and immersion well (Ace Glass, Vineland, NJ). The pyrex filter set ves
to filter out wavelengths below 200 nm so the lamp more closely simulates sunlight. A "merry-go- 
round" reactor (Ace Glass) was used to obtain uniform exjwvsure of the samples to the lamp. 
Photolvses were run for up to 2 hours with samples taken periodically so the kinetics of the reaction 
could he studied. Typically, samples were removed from the chamber at 15, 30, 60, and 120 minutes, 
and a non-irradiated blank was used for t =0 minutes, for some runs, samples were taken at different
times or with greater frequency, hut no run was studied with less than > samples.
HPLC Methods:
The HPLC methods differed little* from one another. Most of the analysis was performed 
with a Beckman HOB Solvent Delivery Module, using a Hamilton PRP-I (C-18) column and a
Spectroflow 757 Absorbance Detector. When Ibis apparatus was unavailable, a Perkin Elmer 250 
Binary LC Pump was used, with a similar column and detector as the first apparatus.
In both the experiments involving harmine and 8-MOP, the phototoxin was the only species 
whose kinetics were studied. EITorts were aimed at finding the half-lives of photolysis of the 
phototoxins and comparing these to the half-lives calculated when a nucleic acid base was present. 
IIPI.C was used to study the rate of photolysis over time. The methods lor each of the photoloxins 
were as follows:
5
Phototoxin Mobile Phase Flow Rate Detection Wavelength
Harmine HHKf Methanol 1 ml min 240 nnt
8-MOP 50:50 McC'N:0.0IM IH P04 1.5 ml/min 217.6 nm
Samples were prepared slightly differently in each case. The 1ol lowing is a case-by case
description of methods of sample prepai ilien.
Sample Preparation:
Harmine (in methanol) was studied by placing a 1ml sample in a test tube and adding a I ml 
blank of water (in place of a nucleic acid base). Various concentrations were studied. Sample 
concentrations (after the blank was added) were studied at 2.5, 5.0. 10.0, and 15.0 micromolar. 
Samples were then placed in a photoreaction chamber.
Thvmine/Harmine (in methanol) was studied by placing 1 ml of 10 micromolar thymine 
(dissolved in water) in a test lube with I ml of 10 micromolar harmine (in methanol). Photolysis was 
carried out as above for harmine (in methanol).
Guanine/Harmine fin methanol) was studied similarly to thymine/harmine (in methanol), but
30 micromolar solutions each of guanine and harmine (in methanol) were used.
Harmine (in water) was studied both by reacting the solution undiluted (approx. 21
6micromolar) and by dilution to approximately 10 micromolar.
Guaninc/Harminc fin water) was studied using 10 micromolar solutions each of guanine and 
harmine (in water) and preparing samples as above.
8-Methoxvpsoralen (8-MOP) was dissolved in ethanol to a concentration of 30 micromolar. 
I ml of this sample was diluted with lmi of ethanol and irradiated.
Thvminc/8-MQP was studied by combining 1ml each of .30 micromolar solutions of 8-MOP
and thymine.
UV Data:
UV absorbance data was taken for harmine and 8-MOP between .370 and 190 nm using a 
Hitachi U-2000 Spectrophotometer. The wavelength showing the greatest absorption was used as 
the UV detection wavelength in the IIPLC studies. Harmine showed absorption maxima at 300.4, 
240.2, and 207.6 nm in methanol (e x!0"4 = 1.62, 4.07, 0.49), and at 319.0, 245.0, and 204.6 nm in 
water (€ xlO4 *= 2.67, 5.99, 3.66). 8-MOP showed maxima at 299.0, 248.6, and 217.6 nm in ethanol 
(e xiO4 *  1.12, 2.13, 2.17) (tigs. 3,4,5).
Rate constant,%alf4ife calculations:
The rate constants of the photolyses were calculated by plotting the natural log of the peak 
height vs. time. To put all plots on the same scale, y-axis values were actually given as natural log 
of the percent of the peak height, using the t=0 minute peak as 160%. This method assumed a first- 
order reaction mechanism, and was justified when correlation constant values were very close to 1. 
Rate constants were taken as the slope of the best-fit linear regression of the plot. Half-lives were 
thus calculated using the first-order equation
tin = In 2/k
where tl/2 is the half-life and k is the rate constant. All values are reported in minutes, the half-life 
is also in minutes.
7Reported rate constants and half-lives are averages of multiple runs. In the case of 8-MOP, 
the calculations were done by averaging the peak heights of each time in a single run first, since the 
mobile phase used was giving varying peak heights for the same samples.
Results and Discussion:
Table 1 lists the half-lives of the reactions studied. The half-life of harmine photolysis without 
a nucleic acid base present showed no significant change when initial concentrations were changed. 
In the presence of thymine, the presence of oxygen was studied, and again did not significantly effect 
the reaction. Indeed, the rate of harmine degradation was not quickened by the presence of thymine,
in fact, the half-life increased slightly in some cases.
For the harmine/guanine reaction in methanol, there was a slight decrease in the degradation 
half-life, but it was not significant.
The effect of the solvent was examined in the presence of guanine, and again, no significant
change occurred when there was no methanol present.
The 8-MOP reaction showed similar results to harminc/thymme. Reactions were run with 
equimolar amounts of thymine both with md without the presence of oxygen, and the 8-MOP half- 
lives increased slightly in both cases.
There are a number of possibilities for the observations in these experiments. *One 
possibility is that harmine and 8-MOP are undergoing other, faster reactions that predominate over 
the reactions with the nucleic acid bases.
Another possibility is that the nucleic acid bases are quenching the exited state of the 
sensitizers without reacting. This would account for the slightly longer half-lives seen in some cases.
Solvent effects may also be taking place. For example, the quantum yield of polar solvents 
like ethanol may be much lower than in benzene.
Also, excited states may be produced when using a multi-wavelength UV source that were not
8present in some of the literature methods. This is a possible complication.
Table l
Half-lives of reactions studied
Sensitizer Rsa.etii.al 0 : |Sensitizer|(xU)* M) (.-.(min)
Harmine (McOH) h 2o + 2.5 29.6
H H + 5.0 32.1
f t H + 10.0 31.7
« H + 15.5 38.5
H Thymine + 5.0 36.5
9f H.O - 5.0 45.9
H Thymine ' 5.0 55.0
I t Guanine * 15.0 31.9
Harmine (H30 ) h 2o + 21.4 23.1
H Guanine ■f 10.7 22.4
8-MOP h 2o + 15.0 63.0
« Thymine + 15.0 71.4
* H 15.0 77.0
Conclusions:
No significant change in the degradation of the phototoxins was observed in the presence of 
nucleic acid bases. Since 8-MOF is known to react with thymine, the reaction conditions studied are 
not conducive to such a reaction. Harmine does not react with nucleic acid bases under these
conditions.
Further Study:
Different reaction conditions similar to those used in some ftiranocoumarin experiments 
(frozen benzene, higher concentrations, etc.) could be studied to see if g-carbolincs will react with
9the nucleic acid bases. Non-polar solvents such as benzene could be used to investigate solvent 
effects. Adding a stoichiometric excess of the nucleic acid base may help the base compete with these 
other predominating reactions* should they be occurring.
Different p-carbolines can also be studied, such as harmalol, to see if constituent groups have 
an effect on the reaction.
Another possibility is a different method of de-oxygenating the solutions, either for long 
periods of time or through one large batch reaction rather than de-oxygenating each test tube for a
more uniform concentration.
With the installation of the newly purchased Xe arc lamp, one could study reactions at much 
greater intensities over various wavelengths. With the monochromater, particular wavelengths could 
also be studied to avoid forming other excited slates, such as absorbance maxima of the 
photosensitizers.
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